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What contrlbutes to the UGRB mtensﬂy

Estimated contribution to the unresolved emission intensity:
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Beyond the monopole... o ' _

Estimated contribution to the unresolved emission intensity:
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Beyond the monopole thanks to Ferml LAT performances
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. Autocorrelation

2-point correlation function (ACF): the excess probability, above the expectation from a
random distribution, of finding an object in a volume dV at a separation .
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For a spherical surface geometry it is convenient to use the
Legendre transform: the angular power spectrum (APS), Cl.
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Autocorrelation to constrain source populations models:
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Zeclin et al. 2016,arXiv:1605.04256v2

Cuoco et al. 2012, arXiv:1701.06988v1
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Autocorrelation to constrain WIMP-like DM parameters:

Conservative exclusion limits on annihilating and decaying DM from the new APS measurement by Fornasa et al. 2016
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Uncertain Galactic Imperfect knowledge of Galactic foreground
C| | foreground subtraction and unresolved signal still dominated by
shot noise of point-like sources
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TR T A, Calculation of CTA sensitivity to small-scale anisotropy
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Instrumental performance of southern CTA:
* 4 Large-Size Telescopes (LSTs),
» 25 Mid-Size Telescopes (MSTs),
» 70 Small-Size Telescopes (SSTs)

Hitten & Maier 2018

\; 1 2 S
te I

"""""""""""
......

S A e -
T -
eSS T e =

CTA sensitivity

—
— -

10_1';' — (median + 68% C.1.)
: Fornasa+ (2016),
using 2FGL mask

10~2f . Fornasa+ (2016),
: using 3FGL mask

PRELIMINARY
+ using FL8Y mask

- & - .

[s1]

9, |
-cpe.l;"";f g ' :

0.25

2

DGRB

f
L P
M

B s Y
T = =5 : e e R e - - g -
— = -5 : . - e N o -

L

0.2

r 14-19,

=

1
P DGRB/I
[—
-
2

e

be

]

L.
e ;. " -~ | 5. »
e - - = t ~— /N
=
— . = TN . O ——
.
: g : : i 3
2 2 E 4
. ? . 4‘_3‘:“\ "
-

=
-
(6) ]

K
_|.
I

O
)

-Octob
Angular Resolution (°)

|
i
]l ..
+

_+.

o
—

m—r
Srcn 3
P

+m
+
++ |
£
T

0.05

h Intern:

I R I T T A N M Y A Y N A M A O AR I
www.cta-observatory.org/science/cta-performance/ (prod3b-v1)

[

N
D
<

N
o I
[\S)

02 100 1 10 B L (T (A (1
Energy E_ (TeV) Energy [GeV]

-
. SPRSIRSESY ¥ Y - -
-l =

Y
—

-

Hitten & Maier 2018, arXiv:1806.01839v1



. .‘—: .".'.

.
e

Symposium
T |
"

2018 - Baltimore, MD -~

. 2 = - :..-;.-— = - Li .-ll““i‘_;‘.:“-‘f; _)»_‘.__:__‘.-::4 .‘.—' - v = A avo : “ . ‘ = “':—i’g‘i‘;;":}:‘.; .; -i
T b ;M|c!1el;a-N§gto.—- AR NN
s = b N
- -3 |

— - e, -
I e

B
- cwez -

T

- -
e

- = -
- a -
' B l
P
~ s

— —_— —_— -g
- e o -
— . =

Noise-dominated

Signal-

dominated

8 UGRB anisotropy characterisation

20

* see talk by Horiuchi
(diffuse splinter)

’

——'



W UGRB anisotropy characterisation
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8 UGRB anisotropy characterisation

mestigated surveys with spectral (E) and tomographic (z) approacm

[Cuoco et al. 2017]
+ NVSS
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Cuoco et al. 2017, arXiv:1709.01940v1
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Beyond the tomographic approach for 2MPZ catalog:

[Ammazzalorso et al. 2018 (Arxiv)]

+ redshift slicing (3 bins)

+ B-band luminosity slicing:
traces the star formation activity

» K-band luminosity slicing:
correlates with objects mass

» High K - low B (high masses + low level of star formation):
traces DM (WIMP)
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Signal dominated by mAGNs emissions +

subdominant contribution from blazars and SFGs
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Ammazzalorso et al. 2018, arXiv:1808.09225v1
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+ Different types of sources

+ Signal evolves with z
+ AGNs +

blazar + SFG (subdominant)

Clusters

Galaxies, hot highly ionized
gas, DM, Relativistic CRs
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" UGRB anisotropy characterisation
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Signal-dominated

Galaxy catalgs
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8 UGRB anisotropy characterisation

+ WHL12 (158,103 clusters)

* PlanckSZ (1,653 clusters)

! 1-halo term
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Small scales:
hard component (Blazars?)
+ soft component
(MAGN / SFG/ ...)

B ——

» redMaPPer (26,350 clusters)

E’ G M AE [(GeV cm'zs'lsr_l) ST]

ﬂg. [Branchini et al. 2017]
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Constrain the contribution of Intra-cluster medium and DM
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Large scales:
hard power law (Blazars?)
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Branchini et al. 2017, arXiv:1612.05788v1
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+ Different types of sources

+ Signal evolves with z
+ AGNs +

Noise-dominated Signal-dominated

Galaxy catalgs

e

blazar + SFG (subdominant)

Clusters

+ Large-scale: Blazars-like

+ Small-scales: double-component
»high-energy: Blazars
+ low-energy: SFG/mAGN/...

+ Subdominant ICM and annihilating DM

Cosmic shear

T

20

" UGRB anisotropy characterisation

Cosmic shear: statistical measurement of the
distortion of images due to the weak lensing
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Clusters
+ Large-scale: Blazars-like
+ Small-scales: double-component
»high-energy: Blazars
+ low-energy: SFG/mAGN/...
+ Subdominant ICM and annihilating DM
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Investigated surveys with spectral and tomographic approach X
(proposed by Camera et al. 2013/2015):

+ CFHTLenS + RCSLenS + KiDs

[Troster et al. 2017] :
+ Subaru Hyper Suprime-Cam T

[Shirasaki et al. 2018]

[=7]

—

V]

~2
-0.5

142 141140 139 138 137 136 135 134 133 132 131 130 129 128 127
RA [deg]

HSC S16A x Fermi EGB, E >1 GeV

10 LI L | I L | I | I LI I L | I L | I | | I Ll
'Aﬂ source galaxies -0.3 <z, <0.8
o 5 - —_ - -
'm
i) e
|—I-
§ 0 :
- - n
'vlg _ e« Baseline EGB | ... Diff. galatic vy =1 -
i N R I i NN RN I - I
- > no signa
— +
/'\h 10 K Ol |8l<l lzl I<l lllzl I L L I | k i |2l<l lzl l<l lllgl I L Q '
H . - . Q - I_l
A [ 14 <% ~ detected!
2 I S
o -
& O =
0
| Fiducial Blazar 1 [ Bias=4.1 ]
n | I I | 1 | L 1 | 11 | 1 | | [

30 40 50 60

6, [arcmin]

30 40 50 60

6, [arcmin]

_/

Hashimoto et al. 2018, arXiv:1805.08139v1
Troster et al. 2017, arXiv:1611.03554v2
Shirasaki et al. 2018, arXiv:1802.10257v2

Camera et al. 2013, arXiv:1212.5018v2
Camera et al. 2015, arXiv:1411.4651v2



8 UGRB anisotropy characterisation

T

S e .
- o
T

mposium

-
.—-;'—-”
=~
=

imore,

Noise-dominated Signal-dominated

i @ éij%:;

e

Sy

z

A b -:[LS'S tfacers-:

e
T :
= P - e =P
P : =2 —
gro = .3 : ==\

2018 - Balt
N

S .
Pt

L

[

Galaxy catalgs

T —
| -+ Different types of sources
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No signal [Xia et al. 2011]:
Searched for signature of ISW in cross-correlation
between WMAP7-CMB and 21-mo y-ray data
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Clusters
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+ Large-scale: Blazars-like ’ .
- Smalll-scales: d.ouble-component CMB lensing Lensed CMB map as
+high-energy: Blazars LSS tracer
‘ Iow-energy: SFG/mAGN/... [Fomengo et al. 2015]
+ Subdominant ICM and annihilating DM Cross-correlation of Lensing potential of the CMB
and y-ray field to investigate the LSS
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) LSS tracers’ |
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Galaxy catalgs

e

+ Different types of sources
+ Signal evolves with z

/

Cosmic shear

e

No signal

blazar + SFG (subdominant)

ST,

Clusters

+ Large-scale: Blazars-like

+ Small-scales: double-component
»high-energy: Blazars
+ low-energy: SFG/mAGN/...

+ Subdominant ICM and annihilating DM

29

CMB

No signal

CMB lensing

B

weak signal (~2 sigma)
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" UGRB anisotropy characterisation

Most recent results of Cross-correlations between UGRB and LSS tracers

10,3 0 4--========ccccccccccc--- (1.0 - 10.0) GeVv
|~
?/
5001 I (1.0 - 10.0) GeV - - (Cuocr: eltoaslrc:25017)
| SDSS QSO DR6
420 - G e (Cuoco et al. 2017)
4.3 0 WI x CO
4004 I (10.0 - 500.0) GeV (Cuoco et al. 2017)
3804 (1.0 - 10.0) GeV | 2MASS
37 o JE— N (Cuoco et al. 2017)
5 0 {FEEmiEnEe e —— I, (1 0-0 - 500.0) GeV- - - - - - - - .0 - 10. | :
350 (10.0 - 500.0} GeV B (1.0 - 10.0) GeV | SDSS Main Galaxy
3204 B (1.0 - 10.0) GeV | (Cuoco et al. 2017)
3.0 o - (0.5 - 1.0) G (1.0 - 500.0) GeV “ o 2MPZ
~  (Ammazzalorso et al. 2018
2.7 0 J-======-cmesaiccacacaiciciciciecasascaseeaccansenee. I (1.0 - 10.0) GeV e e —————
260 ------------- I (0.6 - 2000.0) GeV | ensing
2.4 o - (1.0 - 10.0) GeV N | (Fornengo et al. 2015)
2.30 -----------cccccemeea-- 1.0 00.(
220 - I (10.0°- 500.0) GeV | Weak lensing
200 ruo.O-soe.mGev ffffffffffffffffffffffffffffffff I (1.0 - 10.0) GeV S (Troster et al. 2017
1.8 o (0.0 - 2000 Oy ] - . ASCclusters™
1.6 o - (1-0 - 10.0) GeV. - - o oo 1.U-100.0) Gev | (Hashimoto et al. 2018)
130 4-------- - - SRR 10.0--500.0) GV - - - - -l (1.0 - 500.0) GeV redMaPPer clusters
(Branchini et al. 2017)
WHL12 clusters
| - (Branchini et al. 2017)
PSZ2 clusters
L- (Branchini et al. 2017)
0.0 -----------mmm oo R (0.5 - 500.0) GeV
10~ 100 101

Redshift ra®ige considered

;

Galaxies |

I

lensing |

/

Clusters




| Future developments of Cross-correlations
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i Future developments - Cross-correlations and multi-messanger

More with IceCube
Upgrade* |

‘*’

Even more with
IceCube-Gen2 *

——

» Null or anti-correlation? (Voids = no clusters)
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Cosmic shear

More with DES,
LSST and Euclid

CMB

CMB lensing
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[
More with updated
data samples

e

~_Positive correlation? (less EBL-attenuated objects)

* https://icecube.wisc.edu/news/view/605
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Summary

Direct contribution: * Unvelling the origin of low-energy
provides the measurement component

» Detection of subdominant clustering
Spin-off: signal In gamma-rays

» to exclude/constrain source

populations models Cerenkov
. set DM limits Understand the nature of the telescopes

+ unveil unresolved origin high-energy exponential cut-off
(e.g. CTA)

Direct contribution: » Update UGRB-CMB cross-correlation:

orovides the measurementof | ISW effect
the UGRB » Cross-correlation with cosmic voids

Spin-Off; Update UGRB-weak lensing cross-
» to constrain subdominant ICM P Y DES, LSST, Euclid
and annihilating DM signal correlation: constrain DM limits

* {0 charlactgnse the y-ray
unresolved emission

+ high-energy cosmology b/lgllgrg/eEs(sa%n eru,?nsr’gg)sphysms IceCube (Upgrade)

UGRB Anisotropy
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Cumulative contribution of blazar to the Intensity
and to anisotropy as a function of source intensity

The anisotropy from unresolved sources is more strongly
dependent on the sensitivity limit: improved point source sensitivity

have a more notable impact on the measured IGRB anisotropy.
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1FGL

2FGL

- Ackermann et al. 2015

- mmm Abdo et al. 2010
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Autocorrelation to investigate the UGRB composition:
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3FGL mask
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IGRB APS (3FGL mask, Fornasa et al., 2016) )
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‘ ,7 Cross-correlation of Lensing potential of the CMB and y-ray field to investigate the LSS
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 UGRB anisotropy characterisation )

[Xia et al. 2011]:
Searched for signature of ISW in cross-correlation between WMAP7-CMB and 21-mo y-ray data

Sachs-Wolfe effect:
contributes to Cosmic Microwave Background (CMB) anisotropy:
photons from the CMB are gravitationally redshifted

INTEGRATED SACHS-WOLFE EFFECT (ISW)
(between last scattering surface and Earth)

e —

When the Universe Is dark energy dominated
potential wells or hills evolve significantly

fo > tLSS t1> 1o to > t4

No signal detected
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8 UGRB anisotropy characterisation

[Hashimoto et al. 2018]
* Subaru Hyper Suprime-Cam (HSC) (4,948 clusters)

XMM

36 34 32 30 28
RA[deg]

baseline

06<z<1.1

baseline —+—
best fit ——
Model A ~——— |
Model B ——
Model C —#— 1

" gT@Z 1D 19 010WLYSDH

leubis 09"~ Jiyspaa ybiy @

HSC

» Compatible with emission from the AGNs along the LSS:
Constrain the contribution of Intra-cluster medium and DM

annihilation
ZE&\\\‘ —/////

Hashimoto et al. 2018, arXiv:1805.08139v1
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py characterisation _

It Is possible to produce cosmic shear maps to cross-correlate with gamma-ray maps

‘e ,\. 1) Hp: galaxies are intrinsically
0. ‘ randomly oriented
A T

)~ :’. ' ® 2) Measure the net ellipticity
[ “J@9 exceeding the Poisson Noise

"

p, ®
@
/\\

’Q N, /

b

3) Infer the strength of the tidal
gravitational field

Investigated surveys with spectral and tomographic
approach (proposed by Camera et al. 2013/2015):

» CFHTLenS + RCSLenS + KiDs
[Troster et al. 2017]

+ Subaru Hyper Suprime-Cam
[Shirasaki et al. 2018]
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Hashimoto et al. 2018, arXiv:1805.08139v1
Troster et al. 2017, arXiv:1611.03554v2
Shirasaki et al. 2018, arXiv:1802.10257v2

Camera et al. 2013, arXiv:1212.5018v2
Camera et al. 2015, arXiv:1411.4651v2



